Self-incompatibility in Lilium longiflorum cv. Hinomoto diminishes with aging of the flower. The relation between the diminished self-incompatibility of the aged flower and stylar canal exudate in Lilium longiflorum was studied.
Introduction
Although self-incompatibility in many species such as Nicotiana (Bredemeijer, 1976) , Petunia (Shivanna and Rangaswarmy, 1965) , Pyrus (Hiratsuka et al., 1985) is overcome by bud pollination, it is ineffective in Lilium. Self-incompatibility in Lilium, however, is overcome by pollinating aged flowers (Ascher and Peloquin, 1966) .
In Lilium, stylar exudate, secreted from canal surface cells into stylar canal, plays a nutritional role for the growth of pollen tubes (Labarca and Loewus, 1973) . Since the pollen tubes grow in the canal exudate (Yamada, 1965) , the secretion also has been thought to be closely related to selfincompatibility (Amaki et al., 1989; Dickinson et al., 1982) .
We previously reported that the canal exudate injected into the stylar canal strikingly promoted the growth of incompatible pollen tubes (Ichimura and Yamamoto, 1991) . The canal exudate is naturally accumulated in aged pistils (Campbell and Linskens, 1984; Labarca and Loewus, 1973) . These facts lead us to assume that the overcoming of self-incompatibility by pollination of aged flower is due to the accumulation of the canal exudate.
In the present paper, we report a) the change in components of the canal exudate during aging of flowers and b) the effects of the exudates from flowers of different ages on the growth of pollen tubes. 
Growth of pollen tubes following pollination at different ages of flowers
The growth of both incompatible 'Hinomoto' and compatible 'Georgia' pollen tubes following pollination at 2 days before anthesis was extremely short. At that time, stigmatic exudate was not being secreted. When pollinated at anthesis, the length of sell-incompatible pollen tubes was only one-forth that of the compatible pollen tubes. However, in flower pollinated at anthesis +4 days when the tepals had begun to fade, the length of the incompatible pollen tubes was three-forths that of the compatible pollen tubes (Fig. 1) . Neither incompatible nor compatible pollen tubes grew on stigmas pollinated at anthesis +6 days. On such old flowers the stigma surface was dry and brown; consequently, in more than 50% of pistils, no pollen tubes were found in the stylar canal (no data presented).
Components of the canal exudate at different ages of flowers
Carbohydrate content of the canal exudate gradually increased as the flowers aged ( Table 1) . The carbohydrate content at anthesis +6 days was 1.3 mg/style, which was 20 times higher than that at anthesis -1 days. Protein content of the canal exudate gradually increased with the age of flowers, and the ratio of carbohydrate to protein slightly increased.
Gel chromatography of the canal exudate on Sephacryl S-300 gave the profile shown in Fig. 2 . All the canal exudates collected at and after anthesis had two carbohydrate peaks. The major peak was polysaccharide of which the average molecular weight was about 50,000. During aging of flowers, the major peak increased in size, whereas the minor peak remained unchanged. On the other hand, the elution profile of proteins at anthesis showed two major peaks, namely peaks 1 and 2; their molecular weights were about 75,000 and 14,000, respectively. The elution profile of proteins changed as the flowers aged. The peak 2 protein increased relative to that of peak 1.
The sugar composition of the exudate and its three fractions, A, B and C, which corresponded to protein, carbohydrate and protein peaks, respectively, were determined. The sugar analyses of the 3 fractionated components of the exudates and unfractionated sample revealed that arabinose and galactose were the two major monosaccharides, whereas rhamnose and uronic acid were the minor constituents. Little difference was found in the sugar composition among the exudates obtained from flowers of different ages (Table 2) .
3. Effects of the canal exudates collected from young and aged flowers on the growth of pollen tubes It was confirmed that there was little difference in length between the control and non-treated tubes; the length of incompatible control and nontreated tubes were 21 and 17 mm, respectively. Canal exudates collected from flowers at anthesis +2 and +4 days, which were injected into 'Hinomoto' styles , markedly and equally promoted the growth of incompatible 'Hinomoto' pollen tubes (Fig. 3) .
Growth of pollen tubes in the stylar canal flushed with water
In preliminary experiments, when a stylar canal was flushed with distilled water, carbohydrate content of the secretion which remained in the stylar (Campbell and Linskens, 1984) and that secreted substances are not generally metabolized by secreted tissues (Fahn, 1988) , the increase in carbohydrate content of the canal exudate is probably due to its accumulation during floral aging. Previously, we reported (Ichimura and Yamamoto, 1991) that the major components of the canal exudate were arabinogalactans. The present study shows that the polysaccharide content of the canal exudate gradually increased as the flower aged. Little changes, however, were detected in the average molecular weight, sugar Fig. 2 . Sephacryl S-300 gel filtration profile of the canal exudates from flowers of different ages. Each fraction was assayed for carbohydrate and protein contents. The numbers 0, 2 and 4 denote anthesis +0, +2 and +4 days, respectively. Peaks A, B and C correspond to protein, carbohydrate and protein peaks, respectively. Each fraction was analysed for carbohydrate separately as was the unfractionated sample (see Table 2 ). Vo; void volume. Vt; bed volume. (Figs. 4 and 5) . These results suggest that the diminution of selfincompatibility in aging flower was caused by the accumulation of the canal exudate. Although carbohydrate content after injection of the canal exudate at 20 mg carbohydrate¥ml-1 was higher than that in the non-injected control flower, the length of incompatible pollen tubes in the injected style was less than that of the control. This inconsistency is probably due to the difference in carbohydrate amount utilized by growing pollen tubes. Pollen tubes grow on the tissue surface of stylar canal where the canal exudate accumulated (Yamada, 1965) . In the injection experiments, the stylar canal was filled with the aqueous solution which may have made it be more difficult for pollen tubes to utilize the injected canal exudate.
The mechanism of self-incompatibility in aging flower may be unable to explain fully with above interpretations, because the growth of incompatible pollen tubes increased sharply with aging of the flowers. This occured in the presence of a small, gradual increase in carbohydrate content in the stylar exudate (Table 1 , Fig. 1 ).
Carbohydrate content of the canal exudate at anthesis +2 days was about 0.75 mg. Following pollination at that time, incompatible tube length was 20 mm. Its tube length was increased up to 35 mm by the injection of the 10 mg¥ml-1 carbohydrate of the canal exudate. Because the average volume of injected canal exudate was 40 µl/style, the total amount of carbohydrates after injection was about 0.9 mg. Thus, an increase of carbohydrate of the canal exudate to the extent of 0.75 mg seems to have little effect on the growth of pollen tubes.
Alternatively, proteins may be involved in the diminishing of self-incompatibility phenomenon. In several plant species which manifest selfincompatibility, the problem is absent at the immature flower bud stage. However, there is a shift from compatibility to incompatibility with flower development which is accompanied by an increase in some proteins including S-gene specific proteins with water compared with the growth in the unflushed control style. The style with stigma was flushed with distilled water at anthesis +2 and +4 days to remove the canal secretions; the stigma was then pollinated. In the control, the stylar canal was filled with water but unflushed. The pollen tube length was measured 48 hr after anthesis. Vertical bars indicate standard errors (n = 7). (Bredemeijer and Blass, 1981; Hiratsuka et al., 1986; Mau et al., 1986) . Ascher and Peloquin (1966) mentioned that the diminishing of selfincompatibility in aged flower was caused by absence of S-specific antigen, which is equivalent to S-specific protein.
With the aging of flowers, protein composition of the canal exudate changes; the ratio of peak 1 protein to other proteins decreased (Fig. 3) . Thus, the peak 1 protein could be correlated to the diminution of self-incompatibility. Although the canal exudate was removed by flushing stylar canal, incompatible pollen tubes in aged pistils grew as much as that in control pistils at anthesis +2 days (Fig. 4) . The growth of pollen tubes initially depends on nutrients contained in pollen grains themselves, but later, on the stigmatic and stylar exudates (Labarca and Loewus, 1973; Mau et al., 1986) . From the results shown in Table 1, the style at anthesis +4 days seems to have secretory activity. Accordingly, even though the canal exudate is eluted, incompatible pollen tubes can grow depending on nutrients contained in pollen grains, stigmatic exudate and newly secreted canal exudate.
Previously we reported (Ichimura and Yamamoto, 1991 ) that both the high molecular weight fraction in the canal exudate and the boiled canal exudate markedly promoted the growth of incompatible pollen tubes. In the present study, a difference was not found in the promotive effect on the growth of incompatible pollen tubes between the canal exudate collected at anthesis +2 and +4 days (Fig. 3) , in spite of their different protein composition (Fig. 2) . Thus, the promotion of incompatible pollen tube growth by the canal exudate injected into the stylar canal is probably due to arabinogalactans, the major substance of the canal exudate.
Although quantity of canal exudate in the style was low at that of anthesis, the length of compatible pollen tube was 4 times that of incompatible pollen tubes. Amaki and Yamamoto (1988) reported that, in the Lilium pistils grafted with compatible-pre-pollinated pistil segment, the growth of incompatible pollen tubes was faster than that in the pistils grafted with incompatible-pollinated pistil segments. These grafting results lead us to assume that compatible pollen tubes stimulate the glands of the canal to actively secrete and thereby promote their unhindered growth to the ovary. This assumption is that compatible pollen tubes trigger the secretion by canal surface cells lining the stylar canal is supported by histochemical observations (Miki-Hirosige et al., 1987; Yamada, 1965) .
